P
eripheral artery disease (PAD) is a progressive atherosclerotic disease that affects >8 million Americans. 1 Symptoms of PAD are caused by insufficient arterial blood flow to the lower extremities, which often results in ischemiainduced, debilitating leg discomfort associated with walking. Claudication, which is cramping, aching, or pain in the calves, thighs, or buttocks, is the classic symptom of PAD. Claudication is defined as a reproducible discomfort or fatigue in the muscles of the lower extremity that occurs with exertion and is relieved within 10 minutes of rest. 2 Most people with PAD do not have classic claudication symptoms but still have significantly greater functional impairment and decline than people without PAD. This significant physical activity limitation results in functional impairment, mobility loss, and decreased quality of life. Improving functioning and quality of life is a major goal in the treatment of individuals with PAD. 3, 4 The evidence supporting the efficacy of exercise therapy for patients with PAD dates back to 1966 when 6 months of unsupervised intermittent walking exercise was demonstrated to improve time walked to onset of pain and peak walking time (PWT). 5 Over the 50 years since that first report, numerous randomized clinical trials and meta-analyses have added to the body of evidence supporting the efficacy of exercise to improve functioning and quality of life in patients with PAD.
SUMMARY OF THE OBJECTIVES OF THIS DOCUMENT
The most recently published American Heart Association/American College of Cardiology (AHA/ACC) guidelines on the management of patients with lower-extremity PAD include 4 recommendations supporting exercise therapy for patients with PAD. 6 The AHA/ACC guidelines gave supervised exercise treadmill training a Class I recommendation supported by a Level of Evidence A on the basis of multiple randomized clinical trials showing the efficacy of supervised exercise treadmill training to improve claudication onset time (COT) or distance (COD), PWT or peak walking distance (PWD), and other clinically meaningful functional outcomes. 6 Current AHA/ACC practice guidelines are summarized in Table 1 .
In 2017, the Centers for Medicare & Medicaid Services evaluated the large body of evidence demonstrating the efficacy of exercise to improve symptoms, functioning, and quality of life in patients with PAD. This has resulted in a national coverage determination of supervised exercise therapy (SET) for Medicare beneficiaries with symptomatic PAD. 7 The purpose of this document is to review and summarize the state of the science related to exercise therapy in patients with PAD. Brief summaries of the epidemiology and functional burden of PAD are presented. Evidence supporting the mechanisms of the exercise training response and selection of outcome measures is included. Discussion of traditional and novel exercise modalities, comparison of the outcomes of exercise therapy with other therapeutic interventions, and assessment of the efficacy of exercise in patients with asymptomatic PAD are included. Finally, gaps in the literature and areas needing future research are identified.
LITERATURE SEARCH STRATEGY
MEDLINE, MEDLINE In-Process, CINAHL, and EMBASE databases were used for the initial literature search. The search was limited to articles published in the English language. Broad topics related to this statement, including PAD, exercise, physical functioning, and revascularization, were searched. For PAD, subject headings in MEDLINE included the following: exp peripheral arterial disease (2011-present), exp peripheral vascular diseases (1992-present), and exp intermittent claudication. Key words included peripheral arter* disease*, peripheral vascular disease*, claudication, and (lower extremit*) adj2 (arterial disease*).
For exercise, subject headings included exp exercise therapy/, exp exercise movement techniques/, exp walking/, and exp physical exertion/;exp rehabilitation. Key words included the following: (physical* adj [active or activity or activities]); (stair* or step or steps); ([muscle or muscles or muscular] adj strengthen*); (swim* or swam or jog* or run or running or ran or walk or walking or walked); treadmill*; ([circuit* or resistance or strength* or physical or weight] adj [train or training]); exercise*; (arm* or leg*) adj2 (cycle or cycling or bicycl* or ergomet*); and rehabilitat*.
Physical functioning subject headings included exp physical fitness/ and exp activities of daily living/. Key words included physical* adj function*(function or physical*) adj (status* or limit*).
Subject headings for revascularization included exp angioplasty, exp stents, and exp vascular surgical procedures. Key words included bypass, stent*, and revasculariz*.
SUMMARY OF THE BURDEN OF SYMPTOMATIC PAD Prevalence of Symptomatic PAD
For the purposes of this statement, clinical evidence of PAD is defined as atherosclerotic arterial disease of the lower extremities. In patients who have not had a prior lower-extremity revascularization, clinical evidence of PAD includes typical limb symptoms with exercise and an ankle-brachial index (ABI) of ≤0.90. However, imaging evidence for significant occlusive disease is now more widely used to make the diagnosis, as are other noninvasive vascular laboratory tests. Some patients who have undergone a prior lower-extremity revascularization will have normal ABIs but still have PAD as the underlying disease. In addition, some patients with PAD have lower-extremity arterial stiffness that results in an abnormally elevated ABI. 8 The prevalence of PAD rises sharply with increasing age such that it affects a substantial proportion of individuals ≥70 years of age. 9 Looking at 4 age categories, Allison et al 1 estimated the ethnicity-specific prevalence of PAD in the United States by combining data from 7 community-based studies. Included in these studies were 5 ethnic groups: non-Hispanic whites, blacks, Hispanics, Asian Americans, and Native Americans. PAD was defined as an ABI <0.90 or prior revascularization for PAD. The results for men showed that, although uncommon before 50 years of age, PAD rates rose sharply with age, such that by 80 years of age, rates were in the 25% to 30% range in 4 of the 5 ethnic groups. Notably, the rate for blacks was about twice that of nonHispanic whites at any given age. The data for women reveal a somewhat lower PAD prevalence compared with men but similar trends with age. Native American women had a rate nearly as high as black women, although the data for Native American women came from a single study, the Strong Heart Study. Overall, these data suggested that in the year 2000 there were 8.5 million individuals with PAD in the United States, or ≈7.2% of individuals ≥40 years of age. A recent study by Nehler et al 10 addressed the prevalence of PAD between 2003 and 2008 in an insured US population of 12 million adults ≥40 years of age. PAD was defined as a clinical diagnosis, and the presence of a severe form of PAD, critical limb ischemia, was also estimated. PAD prevalence was 10.7%, and critical limb ischemia prevalence was 1.3%. Beyond age, the 2 most powerful risk factors for PAD are modifiable: cigarette smoking and diabetes mellitus. Worldwide, cigarette smoking is decreasing. Between 2000 and 2010, cigarette smoking fell in men in 72% of countries and in women in 87% of countries, 11 which should decrease PAD burden, other risks being equal. However, an increase in cigarette smoking is projected in Africa and the eastern Mediterranean.
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In contrast to cigarette smoking, the prevalence of diabetes mellitus worldwide has more than doubled in the last 20 years, 12 which will likely increase the PAD burden, other risks being equal.
Functional Impairment and Decreased Quality of Life Associated With PAD
Classic claudication, present in about one-third of patients with PAD, along with other exertional limb symptoms, typically significantly curtails the functional independence of patients with PAD. 13, 14 However, functional impairment and functional decline are present even in people with PAD who are asymptomatic (ie, they have no exertional leg symptoms). 15, 16 A limited ability to walk represents a disability when people are unable to perform their normal personal, social, and occupational activities. The major goals of treatment in people with claudication and other functional limitations resulting from PAD are to improve walking ability by relieving claudication, to improve community-based functional status and health-related quality of life (HRQOL), and to prevent mobility loss. In all patients with PAD, regardless of functional limitation, the other key goal is to treat cardiovascular risk factors and to prescribe antiplatelet and statin medications to reduce the risk of fatal and nonfatal ischemic cardiovascular and limb events.
Assessment of functional impairment and HRQOL in patients with claudication should be incorporated into the evaluation of all treatments for symptomatic PAD. For the purposes of this document, functional status is defined as an individual's ability to perform normal daily activities required to meet basic needs, to fulfill usual roles, and to maintain health and well-being. 17, 18 For people with PAD, this includes the ability to walk distances without pain. HRQOL is a multidimensional concept that includes domains related to physical, mental, emotional, and social functioning and focuses on the impact that health status has on quality of life. 19, 20 Patients with PAD have significant functional impairment. Overall, patients with claudication have an ≈50% reduction in peak oxygen consumption (Vo . 2 ) compared with an age-matched healthy cohort. 21 People with PAD also have reduced walking endurance, have a slower walking velocity over 4 m, and are more likely to be unable to walk for 6 minutes without stopping to rest compared with people without PAD. 16, 22 These walking limitations are associated with marked impairments in functional status and HRQOL. 20 Individuals with PAD often avoid physical activity, especially walking. 22 Their sedentary lifestyle leads to additional declines in functional status and HRQOL, as well as cardiovascular health. 13, 14, 23, 24 Measures of objective and subjective functioning and HRQOL commonly used in patients with PAD are presented in the Outcome Measures section of this statement.
MECHANISMS OF TRAINING RESPONSE TO EXERCISE IN PATIENTS WITH PAD
The pathophysiological mechanisms underlying the functional impairment and progressive functional decline observed in lower-extremity PAD are complex and incompletely understood. 25 However, current evidence indicates that both anatomic and functional vascular abnormalities, leading to blood flow limitation during exercise and structural and pathophysiological abnormalities in calf skeletal muscle, which cause an impairment of contractile performance, are key contributors. In patients with hemodynamically significant PAD, a drop in peripheral vascular resistance during rest maintains an adequate resting calf muscle blood flow despite a reduction in the arterial pressure distal to the stenosis. 26 However, during exercise, the fixed nature of the stenosis prevents the marked increase in blood flow required to match the metabolic demands of the muscular tissue and leads to muscle ischemia. [26] [27] [28] This blunted hemodynamic response is further exacerbated by endothelial dysfunction 29 and the associated defective vasorelaxation of the conduit vessels and microcirculation, 30 possibly mediated by an increased release of the potent vasoconstrictor peptide endothelin-1. 31, 32 Surprisingly, limb hemodynamics, such as toe pressure and the ABI, are not well correlated with measures of functional capacity in patients with PAD, 32, 33 suggesting that additional mechanisms are involved in the pathogenesis of the functional limitations. It is also possible that toe pressure and ABI measured immediately after exercise may correlate better with functional limitations than resting toe pressure and ABI.
Investigations with computed tomography imaging show that patients with PAD have reduced calf muscle area and higher calf muscle percent fat content compared with people without PAD and that these parameters are inversely and directly related, respectively, to the degree of calf ischemia. 34 In addition, electron microscopy studies indicate that PAD is associated with 
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distortion and impaired function of mitochondria in the calf muscle, [35] [36] [37] which lead to reduced energy production. 38 The damage to the muscle fibers and mitochondria is caused, at least in part, by the occurrence of ischemia during activity of the calf muscle followed by return of adequate blood supply at rest. The cycles of ischemia/reperfusion lead to the generation of reactive oxygen species with oxidative stress 39 and inflammation, 40, 41 endothelial activation, 42 mitochondrial dysfunction, [43] [44] [45] muscle fiber type switching, 46 activation of apoptosis, 36 and myofiber degeneration. 47 Of interest, arterial insufficiency may be associated with distal motor neuropathy, which may independently affect muscle performance. 48 However, it is possible that motor neuropathy is related to skeletal muscle atrophy, in part from reduced physical activity levels in PAD. These structural and functional changes of the calf muscle appear to have a significant impact on functional outcomes and prognosis in patients with PAD and have been associated with loss of mobility, even after adjustment for risk factors and comorbidities, 34 and increased all-cause and cardiovascular mortality, independently of the ABI. 49 Contemporary treatment of symptomatic PAD focuses on reducing cardiovascular and limb events and on improving symptoms and HRQOL. 50 The latter can be achieved with exercise training. 51 Several mechanisms underlying the beneficial effects of exercise have been elucidated or proposed. Regular physical activity such as in the standard 12-week SET program leads to reduced levels of inflammatory markers, 52 improved endothelium-dependent vasodilation, 53 increased capillary density of the gastrocnemius muscle, 54 and altered skeletal muscle metabolism through an increase in oxidative enzymes. 55 The plethora of effects of exercise training likely account for its efficacy.
OUTCOME MEASURES
Treadmill exercise performance has been the most common outcome measurement used to measure changes in walking endurance and peak exercise capacity in response to exercise interventions in patients with PAD. [56] [57] [58] [59] Treadmill exercise performance has the advantage of being conducted in a standardized setting in which speed and grade of the treadmill start and increase at the same magnitude for each test. 58 Treadmill exercise tests differ from corridor walking tests such as the 6-minute walk test (6-MWT), which appear to more closely simulate walking activity during daily life. [60] [61] [62] [63] [64] [65] [66] [67] [68] Questionnaire measures of functional status and HRQOL assess participants' perceptions of their ability to function in daily life and well-being before and after an exercise intervention. Validated questionnaires are based on subjective assessments and regularly yield different outcomes compared with objective measures in randomized trials of participants with PAD. The following sections summarize testing methods and advantages and disadvantages of both objective and subjective questionnaire measures in people with PAD.
Treadmill Walking Performance
Graded and constant-load treadmill tests are used to measure change in maximal and pain-free treadmill walking distance in response to exercise interventions in PAD. 60 Most studies evaluating walking ability in people with claudication have used treadmill testing as the primary objective measure of changes in performance after a treatment. 58 A graded treadmill exercise test modifies the load during treadmill testing, has better test-retest reliability than constant-load treadmill testing, and is the preferred method of treadmill testing in randomized trials of PAD. 60, [69] [70] [71] [72] Most graded protocols have a constant speed and increase the grade every 2 to 3 minutes to a symptom-limited maximal (or peak) walking time. The graded Gardner-Skinner treadmill exercise test is a well-accepted modified-load treadmill exercise test that is frequently used in randomized trials of therapeutic interventions in PAD. 73 In this protocol, participants begin walking on the treadmill at 2.0 mph with a grade of zero. The treadmill speed is maintained at 2.0 mph throughout testing, and the treadmill grade is increased by 2% every 2 minutes. Participants with PAD who are unable to walk at 2.0 mph should perform a modified Gardner treadmill test in which the speed begins at 0.5 mph and a grade of zero and speed is increased by 0.5 mph every 2 minutes until 2.0 mph is achieved. 73 When a speed of 2.0 mph is reached, the treadmill grade is increased by 2% every 2 minutes. Participants are asked to continue walking as long as possible until ischemic leg symptoms, fatigue, or other symptoms prevent them from continuing. Treadmill walking PWT or PWD and COT or COD are the typical outcome measures used to assess changes in walking performance in a treadmill exercise test. 60 Of these, PWT or PWD has the greatest reliability. 74 After a treadmill-based SET program, typical changes in PWT, relative to a control group, have been shown to be 3.4 to 4.6 minutes and typical changes in COT have been shown to be 1.65 to 2.2 minutes. 64, 66, 69 A limitation of treadmill exercise testing is a learning/ placebo effect in which patients with PAD who do not receive an intervention increase their PWD/PWT and COD/COT between baseline and follow-up testing. 58 Recent placebo-controlled drug therapeutic trials in patients with PAD have demonstrated increases in PWT in the placebo or control groups ranging from 17% to 26%. [75] [76] [77] This phenomenon may occur because the practice provided by repeated treadmill tests at baseline and follow-up allows patients with PAD to improve 
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their treadmill walking performance, even without a therapeutic intervention.
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The 6-MWT
The 6-MWT is a well-validated measure of walking endurance that does not require sophisticated equipment or extensive training. 57 In people with PAD, the 6-MWT predicts rates of mobility loss and mortality, improves in response to therapeutic interventions, and is not associated with a learning effect when repeated testing is performed. 57, [64] [65] [66] [67] 60, 78, 79 Declines in 6-MWT performance have been linked to clinically meaningful outcomes in people with PAD. 68, [80] [81] [82] Clinically meaningful change in the 6-MWT distance has been defined for older people without PAD. 83 A small meaningful change has been defined as 20 m, and a large meaningful change has been defined as 50 m. However, these definitions of meaningful change were not derived specifically from people with PAD.
The 6-MWT is performed in an unobstructed 100-ft hallway with a trained staff member. The staff member reads a script with instructions about the test and uses a stopwatch to time the 6-minute time period. Participants are instructed to walk back and forth along the 100-ft hallway with the goal of completing the greatest distance possible. Participants are allowed to stop and rest and may sit down in a chair while resting, but the stopwatch continues to run while the participant rests. At the end of 6 minutes, the distance walked is recorded. The staff member should also record whether and at what time point during the test the participant rests. 57, 64, 66 In response to a structured home-based walking exercise (H-BEx) intervention, meaningful improvement in the 6-MWT is observed as early as the 12-week follow-up and ranges from 41 to 53 m in improvement at the 12-week and 6-month follow-up relative to a control group who do not exercise. 65, 67 A structured H-BEx intervention improves the 6-MWT distance more than it improves treadmill-based PWT/ PWD, whereas a supervised treadmill exercise intervention improves treadmill walking more than it improves the 6-MWT. [64] [65] [66] [67] This conclusion, based on results from randomized trials, may be related to the fact that a supervised treadmill exercise intervention specifically trains the participant with PAD to the treadmill walking measure, whereas a structured H-BEx intervention focuses on over-ground walking. 57, 84 Investigators and clinicians should take this phenomenon into account when designing and interpreting randomized trials of exercise in people with PAD.
More recently, activity can be measured using wearable technology such as activity monitors in the form of wristbands or other types of accelerometers. 85 These monitors provide objective data that reflect free-living physical activity in daily life. 85, 86 The utility of these devices has not been fully explored in exercise trials in patients with PAD but holds promise.
48,87,88

Subjective Measures of Functional Status and HRQOL
Measures of walking ability provide excellent objective data, but they do not address subjective assessment of HRQOL. To comprehensively evaluate functional status and HRQOL in people with claudication, valid and feasible questionnaires should be incorporated in addition to objective measures of walking ability. A goal of assessing HRQOL in PAD is to determine whether a specific therapy that is associated with an objective response in exercise performance is also associated with the patient being able to perceive improvement in daily life. The Walking Impairment Questionnaire (WIQ), 89 Vascular Quality of Life Questionnaire (VascuQoL), 90 Peripheral Artery Questionnaire (PAQ), 91 and Impact of PAD on Quality of Life Questionnaire 20 have been used to measure patient-reported perceptions of their walking ability or HRQOL after exercise interventions. The WIQ, PAQ, VascuQoL, and Impact of PAD on Quality of Life Questionnaire are PAD-specific measures in that they were developed specifically to measure limitations in walking or HRQOL in people with PAD.
The WIQ 89 is a disease-specific questionnaire widely used to assess the ability of patients with claudication to walk defined distances and speeds and to climb stairs. In addition, the questionnaire evaluates claudication severity and the presence of other (nonclaudication) symptoms that could potentially limit walking. The WIQ was validated against treadmill walking in patients with claudication and has been used extensively in these patients to evaluate changes in communitybased walking ability resulting from an exercise training program, 92, 93 stenting, 94, 95 and pharmacological agents. It has also been shown to improve mortality risk prediction models. 96 Scores range from 0 to 100, with higher scores indicating better community-based walking ability. 72 This questionnaire has now been translated into and validated in >50 languages.
The VascuQol 90 is a 25-item questionnaire that assesses pain, activities, symptoms, and emotional and social domains of life. This questionnaire has been widely used in Europe to assess outcomes of interventions for patients with PAD, including exercise and revascularization in patients with claudication and critical limb ischemia. Scores for the VascuQoL are an average of all questions answered and range from 1 (worst quality of life) to 7 (best quality of life). Recently, an abbreviated version of the VascuQoL, the VascuQoL-6 has been validated [97] [98] [99] and is seen as especially useful in clinical care.
100,101
The PAQ is a disease-specific health status questionnaire for patients with PAD that assesses both func- 
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tional status and HRQOL. 91, 102 Currently, several studies are examining the validity of the PAQ, including translation into several languages including a Dutch version. 103 PAQ subscale and summary scores range from 0 to 100, with higher scores reflecting fewer limitations and symptoms and higher satisfaction with treatment. The PAQ has been used to assess outcomes in studies of revascularization and for a study comparing exercise rehabilitation and endovascular procedures. 77 The PAQ and WIQ overlap in assessing claudication-limited physical limitations, but the PAQ also assesses patient perception of the quality of their health care.
The Impact of PAD on Quality of Life Questionnaire 20 is a 38-item questionnaire with 5 subscales that assess the impact of PAD on multiple dimensions of life. These include social relationships and interactions, sense of self and feeling states, symptoms and limitations in physical functioning, fear and uncertainty, and positive adaptation. Scores range from 0 to 100, with higher scores indicating better HRQOL. Although relatively new, this questionnaire has been used to evaluate quality-of-life outcomes after exercise interventions in patients with moderate to severe PAD.
104,105
The Short-Form (SF)-36 106 or SF-12 107 and the EuroQol-5D
108 are the most common general health status or HRQOL questionnaires used to evaluate outcomes of exercise therapy for patients with PAD. The SF-36 and SF-12 are more generic quality-of-life measures that are not specifically focused on walking endurance or speed and are not specifically focused on people with PAD. The SF-36 assesses 8 health concepts: physical functioning, role limitations resulting from physical problems, bodily pain, social functioning, general mental health, role limitations caused by emotional problems, vitality, and general health perceptions. However, exercise studies in patients with PAD have not consistently demonstrated improvements in the role physical, bodily pain, vitality, social, role emotional, and mental health domains. 64, 109 Subscales are scored from 0 to 100, with higher scores indicating higher functioning.
The EuroQOL-5D 108,110 was developed to be a generic instrument for describing and attaching value to health states. This questionnaire was designed for use in countries across Europe. It has 5 domains of 5 items each, and scores range from 0 to 1. The EuroQOL was intended to be used in conjunction with other qualityof-life measures. It has been used in trials of revascularization and exercise therapy in patients with PAD. 111, 112 Table 2 summarizes the most commonly used PADspecific and general HRQOL questionnaires with exercise therapy in patients with PAD. Full descriptions of both PAD-specific and general HRQOL questionnaires have been given elsewhere. 24 The most commonly used objective assessments are the Gardner-Skinner graded exercise test and the 6-MWT. The most commonly used subjective measures are the WIQ and either the SF-12 or SF-36. More recently, the use of PAD-specific HRQOL questionnaires, including the VascuQoL and PAQ, has been increasing.
Questionnaire measures do not always improve even when treadmill walking performance or 6-MWT improves. For example, in the CLEVER randomized trial (Claudication: Exercise Versus Endoluminal Revascularization) of SET, aortoiliac stenting, or neither therapy in people with PAD, SET improved treadmill walking performance significantly more than aortoiliac stenting, whereas aortoiliac stenting improved the WIQ distance score, the WIQ speed score, and several components of the PAQ significantly more than SET. 77 In a randomized trial of structured H-BEx in PAD, the intervention significantly improved 6-MWT distance, PWT, and the WIQ distance and speed scores more than the control but did not improve the SF-12 physical component score more than the control. 65 In a separate study, SET significantly improved treadmill walking performance and the 6-MWT in people with PAD but did not improve either the WIQ or SF-36 physical functioning measures. 64 In summary, these questionnaire measures appear to be important complements to objective measures of improvement after walking exercise interventions.
SUPERVISED EXERCISE TREADMILL TRAINING FOR INDIVIDUALS WITH CLAUDICATION
Over the past 30 years, treadmill-based SET programs have been shown to be consistently beneficial in improving walking ability as assessed by graded treadmill testing [113] [114] [115] [116] [117] [118] [119] and to be effective in patients with PAD both with and without classic symptoms of claudication. 64, 66 For example, in the 15 studies 51, 66, [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] included in a meta-analysis by Parmenter and colleagues, 133 graded treadmill testing after treadmill-based SET resulted in a significant mean improvement in COD and PWD among the studies that had 12-week interventions. Improvement in COD and PWD was even greater in the studies that had a 24-week intervention (Table 3) . Similarly, a meta-analysis by Fakhry et al 56 of 25 randomized trials of SET for people with PAD demonstrated that supervised walking exercise was associated with a statistically significant 180-m (95% CI, 130-238) improvement in PWT and 128-m (95% CI, 92-165) improvement in COT. In addition to improvement in walking ability, some treadmill-based SET programs have improved measures of functional status and HRQOL. 51, 77, 92, 120, [134] [135] [136] The majority of studies evaluating SET for patients with claudication have been conducted in a supervised (usually hospital) setting, with walking exercise performed on a treadmill. 51, 77, 120 Treadmill-based exercise therapy for patients with PAD consists of intermittent bouts of walking exercise to moderate to moderately severe discomfort followed by short periods of rest until symptoms resolve. These exercise/rest bouts are repeated over a 30-to 60-minute exercise session. Exercise capability is most commonly measured as COT/ COD and PWT/PWD. Unlike cardiac rehabilitation, there is no requirement for telemetry during SET for patients with PAD.
The following sections examine the evidence that supports the different components of a treadmillbased SET program. These include intensity, accumulated exercise per session, claudication level during exercise, progression of increasing exercise volume, work-to-rest ratio, frequency of exercise sessions, and program duration. 
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Intensity
Intensity is defined as the effort of the walking task as a percentage of the measured maximal workload or peak oxygen consumption (peak Vo . 2 ) attained during a standardized treadmill test. One study that investigated the effect of different exercise intensities found no differences between low-and high-intensity exercise based on percent of maximal workload, provided that the total amount of exercise was similar between groups. This suggests that exercise intensity may not be related to the amount of improvement in walking distance. 137 In contrast, intensity of exercise training may be related to improvement in peak Vo . 2 . A meta-analysis by Parmenter et al 133 suggested an overall greater improvement in peak Vo . 2 with interval exercise training consisting primarily of short intervals of exercise at a vigorous intensity (70%-80% Vo . 2 peak) compared with intermittent exercise at a moderate intensity. Additional research is required to elucidate whether high-intensity/ short-interval exercise is as beneficial in improving walking distance as moderate-intensity exercise.
Duration of Exercise per Session
Few studies have investigated the optimal session duration, and there has been a lack of reporting of actual exercise/rest time in published studies, which limits the understanding of an optimal exercise session duration. A previous meta-analysis found that sessions lasting >30 to 60 minutes were more beneficial. 113 More recent meta-analyses suggest that 30 minutes of exercise results in an improvement in walking distance similar to that of 60 minutes of exercise and that improvement appears to peak at 45 minutes. 56, 116, 133 
Claudication Severity During Walking Exercise
The majority of supervised exercise treadmill trials have used severity of claudication as a guide to instruct patients when to stop the exercise bout. Depending on the protocol, patients are instructed to walk to onset of or moderate or near-maximal level of claudication. Most protocols specify that exercise is initiated at an intensity that induces onset of claudication within 3 to 5 minutes and moderate to moderately severe claudication within 8 to 10 minutes. Previous meta-analyses and current guidelines suggest that exercise treadmill training should be performed to near-maximal claudication levels. 6, 56, [113] [114] [115] [116] [117] [118] [119] 138 However, a recent metaanalysis found no differences in walking exercise in which participants walked to a mild claudication level compared with walking to severe claudication. 139 This suggests that exercise training to either mild or severe levels of claudication may be effective for walking improvement in PAD. 133 To the best of our knowledge, no adequately powered randomized clinical trials have compared the relative effects of walking to different levels (low versus moderate versus severe) of claudication. Treadmill exercise intermittently performed to a level of mild to moderate claudication allows physiological improvement or training adaptation to occur. 140 This also allows patients with claudication to avoid repeated near-maximal claudication that may reduce adherence levels.
Progression of Increasing Volume of Exercise
Exercise volume takes into consideration both duration (minutes) and workload (metabolic equivalents of task) of the exercise performed. No studies were identified that have directly compared different progression schemes of exercise prescription for claudication rehabilitation. In general, it is accepted that progression of exercise should occur gradually throughout the exercise program to allow continued adaptation to the training stimulus. This can be accomplished by manipulating the components of the exercise prescription, which include the duration, workload (determined by the grade and speed of the treadmill), and frequency of exercise, as well as the work-to-rest ratio. 140 The supervising exercise therapist should make the decision on how to progress the exercise prescription on the basis of each individual patient. Most studies increase exercise volume by alternating increases in duration and workload. As exercise becomes easier and individuals can walk a given duration, the workload (grade or speed of the treadmill) is increased, usually initially resulting in shorter exercise bouts, which subsequently become longer with continued training. This pattern is repeated throughout the exercise program. Because no studies have investigated optimal rates of progression of exercise in SET for patients with claudication, it is prudent to increase the exercise volume at a rate no faster than every 1 to 2 weeks, thereby following exercise progression guidelines for older adults with chronic disease. 
Work-to-Rest Ratio
No studies were identified that specifically compared exercise bout durations (ie, the time to the prescribed level of claudication) relative to the subsequent rest duration (long versus short duration). Most published studies prescribe the use of intermittent exercise to moderate/moderately severe claudication, interspersed with rest periods until the claudication subsides. Because the time it takes for claudication to subside differs among individuals, 141 it is not possible (or necessary) to standardize rest periods in this population. To 
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maximize the time spent exercising during each session, the shortest rest period needed to dissipate symptoms is ideal. Current AHA/ACC PAD guidelines suggest that the rest period should be to the point of cessation of claudication (usually occurring within 2-5 minutes). 6 Current AHA/ACC PAD guidelines also state that the exercise workload should be such that onset of claudication levels is reached within 3 to 5 minutes of exercise initiation. 6 This recommendation is based primarily on 2 meta-analyses from 1995 and 2004. 113, 116 No original research studies were identified that have directly compared the efficacy of exercise training with different lengths of exercise bouts.
Frequency
Current AHA/ACC PAD recommendations are based on meta-analyses that have shown that the frequency of the SET program should be at least 3 times per week. 6 The evidence suggests that an exercise frequency of 3 sessions per week is associated with better outcomes compared with <3 times per week, but additional sessions do not appear to result in greater benefits. 113, 116 To the best of our knowledge, no randomized controlled trials have been specifically designed to investigate the optimal frequency of exercise training on outcomes in walking distance.
Program Duration
Several recommendations about optimal program duration have been reported, ranging from 12 weeks to 6 months of SET. 6, 56, [113] [114] [115] [116] [117] [118] [119] 133, 138 Current recommendations suggest a minimum of 12 weeks' duration for optimal improvement in treadmill walking ability with a goal of completing at least 6 months of exercise training. 6 The effect of treadmill-based SET on treadmill walking performance has been shown to occur as early as 6 weeks into the program, with a larger response at 12 weeks. 138, 142 This effect appears to be maintained over 12 months with an effect size ranging between 0.5 to >0.8 for follow-up periods at 6, 12, 24, and 52 weeks, with the largest effect size occurring at 12 weeks. 56, 138, 142 Few studies have specifically investigated the optimal duration of an SET program. Gardner et al 130 showed a significant improvement in treadmill walking outcomes after 2 months of exercise despite much lower total exercise volume than was achieved with longer durations of 3 to 4 and 5 to 6 months. In this study, the greatest improvement in treadmill walking distances occurred during the first 2 months of the exercise training program, and walking distance improved at a much more gradual rate beyond 2 months. This study supports the current recommendations of 3 months of SET followed by ongoing lifestyle changes that include continued exercise training to maintain achieved benefits of the supervised exercise program. 6 In addition, a Cochrane review and several meta-analyses recently indicated that the largest effect size in treadmill walking performance occurred at 3 months of SET. This improvement was maintained, but was not greater, at 6 mo nths. 56, 116, 117, 130, 138 The 6-MWT distance improves more gradually in response to supervised treadmill exercise and is more likely to peak after 6 months of exercise training.
64
Summary
Although SET programs for patients with PAD should be individualized with regard to duration, intensity, frequency of exercise, and the work-to-rest ratio, currently available evidence suggests parameters for these program elements (Table 4) . Exercise sessions should progress up to a target goal of accumulating 30 to 45 minutes of treadmill walking per session. Exercise should be carried out at an intensity that elicits mild claudication pain within 5 minutes and moderate to moderately severe claudication within 10 minutes followed by rest until claudication pain subsides. Randomized trials of SET that demonstrate significant improvement in walking performance have typically asked patients with PAD to walk for exercise 3 times per week.
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COMPARISON OF EXERCISE AND REVASCULARIZATION ON FUNCTIONAL OUTCOMES IN PATIENTS WITH PAD
In the last 3 decades, a number of clinical trials have compared the effects of SET programs with various revascularization approaches or medical therapy in patients with claudication 77, 136, [143] [144] [145] [146] [147] [148] [149] [150] [151] (Table 5) .Their study designs were heterogeneous, but they can be grouped into 4 main categories: (1) those comparing SET, revascularization, and the combination of SET and revascularization 143, 149, 150 ; (2) those comparing SET and revascularization [144] [145] [146] 148 ; (3) those comparing SET and SET plus revascularization 147, 151 ; and (4) the CLEVER study, 77, 136 which compared SET, revascularization, and optimal medical therapy. An outline of the design and the main results of these trials are reported in the following paragraphs.
SET Versus Revascularization Versus SET Plus Revascularization
Lundgren et al 143 randomized 75 patients with claudication resulting from above-the-knee occlusive disease to surgical revascularization, surgical revascularization with subsequent physical training, and physical training 
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alone. Walking performance on a treadmill (COD and PWD) was improved in all 3 groups, with the best effects seen in patients who underwent surgical revascularization and physical training followed by those who had surgery as their only treatment and then by the group with physical training only.
Mazari et al 149 compared the effects of angioplasty, SET, and angioplasty plus SET on PWD and HRQOL (SF-36 and VascuQoL) in patients with claudication caused by femoropopliteal disease. The early results of the study at the 1-and 3-month follow-up were reported in 2010 and showed improved COD and HRQOL in all treatment groups. Intergroup analysis indicated that angioplasty plus SET led to greater improvement in PWD than angioplasty or SET alone, without significant improvement in HRQOL. 149 The final 12-month follow-up data were published in 2012 and confirmed the previous evidence of improved PWD and HRQOL in all groups. However, the effects of angioplasty and SET on clinical outcomes were not durable. Notably, angioplasty plus SET was associated with more sustained improvement in PWD without significant improvement in HRQOL.
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SET Versus Revascularization
Creasy et al 144 compared the effects of angioplasty and SET on resting COD and PWD on a treadmill in 56 patients with arterial occlusive disease. These parameters were evaluated every 3 months for 15 months. After angioplasty, PWD had significantly increased at 3 months but did not improve thereafter. In contrast, in the exercise group, PWD was significantly increased at 6, 9, 12, and 15 months. Thirty-seven of the participants in the Creasy et al study underwent re-evaluation to assess their long-term outcomes. At the 70-month follow-up, there was a small, nonsignificant increase in PWD in both groups, with no differences noted between angioplasty and SET. 145 Gelin et al 146 randomized 264 unselected patients with claudication to SET, revascularization (open surgical or endovascular procedures), or observation to compare the effects of these treatments on treadmill walking capacity (treadmill walking power, expressed in Watts, and PWD). At the 1-year follow up, a significant increase in treadmill walking power and PWD was observed in the invasively treated group but not in the SET or control group.
More recently, Spronk et al 152 compared the clinical effectiveness of primary endovascular revascularization with hospital-based SET as the initial treatment for patients with claudication (Rutherford category 1, 2, or 3). Clinical effectiveness included clinical success (improvement in at least 1 category in the Rutherford scale above pretreatment level, measured after treadmill walking), functional capacity (COD and PWD), and HRQOL (SF-36 and VascuQoL). At 6 months, significantly fewer patients in the revascularization group than in the SET group had symptoms of ipsilateral claudication, but this difference was not observed at 12 months. COD and PWD were improved at 6 and 12 months in both treatment groups. After adjustment for the baseline variables, functional capacity was similar between the 2 groups at the 6-and 12-month follow-up. Both SET and revascularization improved HRQOL scores without significant differences between the 2 groups at 6 or 12 months after adjustment for baseline variables.
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SET Versus SET Plus Revascularization
At least 3 studies compared SET alone and SET plus revascularization. Greenhalgh et al 147 enrolled patients with mild to moderate claudication in 2 trials (femoropopliteal, 93 patients; and aortoiliac, 34 patients) and randomized them to angioplasty with SET and best medical therapy or to SET and best medical therapy alone. The SET program consisted of 30 minutes of continuous exercise to maximal pain once a week for 6 months. The primary outcomes included COD and PWD on a treadmill. Secondary outcomes included ABI measurement and HRQOL as measured by the SF-36. In the femoropopliteal trial, at the 24-month follow-up, COD and PWD were significantly higher in the angioplasty group compared with the SET and best medical therapy alone groups. Similar, but not statistically significant, results were observed in the aortoiliac trial. At 24 months, the ABI was significantly higher in the 
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angioplasty group in both trials, whereas no overall differences were noted between groups in HRQOL. 147 Fakhry et al 151 randomly allocated 212 patients to either revascularization plus SET (combination therapy) or SET alone. The primary end point was the difference in PWD on the treadmill at 12 months; secondary end points included treadmill COD, VascuQoL score, and SF-36 scores. At 12 months, the improvement in PWD, COD, VascuQoL score, and SF-36 physical functioning score was significantly greater in the group receiving combination therapy than in the SET alone group. However, the scores of the SF-36 domains of physical role functioning, bodily pain, and general health perceptions did not differ between groups.
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SET Versus Revascularization Versus Optimal Medical Therapy (CLEVER)
In the CLEVER study, Murphy et al 77 randomized 111 patients with aortoiliac PAD to optimal medical care, optimal medical care plus SET, or optimal medical care plus stenting. The primary end point was the change in PWT on a graded treadmill test at 6 months compared with baseline. Secondary end points included free-living step activity; HRQOL with the WIQ, PAQ, and SF-12; and cardiovascular risk factors. At the 6-month follow-up, SET led to the largest change in PWT followed by stenting and finally optimal medical care. Compared with optimal medical care, SET and stenting significantly improved HRQOL. Of note, for most scales, the extent of improvement was greater with stenting than with SET. 77 Of the initial 111 patients, 79 completed the 18-month clinical and treadmill follow-up assessment, and their results were published in a subsequent article. 136 At the 18-month follow-up, the improvement in PWT from baseline was similar between the SET and stenting groups, and it was significantly higher for both groups than for the optimal medical care group. Compared with the optimal medical care group, the increase in COT was larger in the SET group but not in the stent recipients. The improvements in the HRQOL scales noted at 6 months were also observed at 18 months, some of which were greater for stenting compared with SET or optical medical care.
Taken together, the results of these studies suggest that both SET and revascularization improve functional outcomes in patients with aortoiliac and femoropopliteal arterial occlusive disease and claudication and that their effects appear to be additive. Mazari ABI indicates ankle-brachial index; COD, claudication onset distance; COT, claudication onset time; HRQOL, health-related quality of life; NA, not available; PAD, peripheral artery disease; PRWD, patient-reported walking distance; PWD, peak walking distance; PWT, peak walking time; QOL, quality of life; SET, supervised exercise therapy; and SFA, superficial femoral artery. 
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EFFICACY OF EXERCISE THERAPY IN ASYMPTOMATIC PAD
The prevalence of asymptomatic PAD ranges from 20% among patients with PAD identified in a noninvasive vascular laboratory to >60% in populations of older community-dwelling men and women. [153] [154] [155] [156] Although people with asymptomatic PAD report no exertional leg symptoms, they have significantly greater functional impairment, faster rates of functional decline, and higher rates of mobility loss compared with people without PAD. 15, 22, 80, 156, 157 Some patients with asymptomatic PAD limit their physical activity to avoid leg symptoms, and others appear to slow their walking speed to avoid leg symptoms. 22, 157 Many people with PAD who report no exertional leg symptoms develop leg symptoms when they begin an exercise program that requires greater walking activity or walking speed than they are accustomed to.
No adequately powered randomized clinical trials have been conducted to specifically address whether exercise interventions improve walking performance in people with asymptomatic PAD. However, at least 5 randomized trials of exercise in PAD (3 of SET and 2 of home-based exercise) included people with PAD who did not have classic symptoms of claudication, including individuals who were asymptomatic. [64] [65] [66] 158 In these 5 trials, the proportions of participants without classic claudication symptoms ranged from 64% to 100%. Four of the 5 trials, composed predominantly of participants with PAD without claudication, demonstrated that walking exercise significantly improved walking performance in the overall study populations. The SILC randomized trial (Study to Improve Leg Circulation) of supervised treadmill exercise in participants with PAD included those with classic claudication, asymptomatic PAD, or PAD associated with atypical symptoms. Although the study did not have sufficient statistical power to definitively compare outcomes between participants with PAD according to specific leg symptoms, the study did not demonstrate significant differences in response to exercise according to leg symptoms at baseline. In summary, although no adequately powered trials have been conducted, evidence suggests that exercise programs significantly improve walking endurance in patients with PAD who are asymptomatic.
DESCRIPTION OF STRUCTURED HOME-BASED EXERCISE PROGRAMS FOR PAD AND THEIR EFFICACY
Effective structured H-BEx interventions have the potential to be more accessible and acceptable to patients with PAD than SET. SET programs, which typically require travel to the exercise center 3 times per week, can be burdensome and costly if medical insurance does not pay. A systematic review of recruitment for randomized trials of SET for PAD concluded that 69% of 1541 eligible participants with PAD refused participation, and many refused because of the burdensome requirements of SET programs. 159 For the large number of people who find the demands of SET too difficult, structured H-BEx, which is carried out around the home or in the home, may be a reasonable alternative.
Early studies of H-BEx for patients with symptomatic PAD reported no benefit from unsupervised exercise. 121, 123, 160 However, these early trials often included only general advice to patients to go home and exercise and did not incorporate behavioral change techniques, which may be essential to help ensure adherence to home-based exercise programs in patients with PAD. Since 2011, 3 randomized trials have demonstrated significant benefit from structured H-BEx in patients with PAD.
Gardner et al 67 randomized 180 participants with PAD and claudication to 1 of 3 groups for 12 weeks: treadmill-based SET, structured H-BEx, or a light resistance training (control) group for 12 weeks. Participants randomized to structured H-BEx walked for exercise in an unsupervised setting 3 days weekly, working up to 45 minutes per session. Participants returned to meet with a study investigator 4 times at 1-to 4-week intervals during the 12-week study. At 12-week follow-up, the supervised exercise group increased their PWT time by 192 seconds, the structured H-BEx group increased their PWT by 110 seconds, and the control group increased their PWT by 22 seconds. 67 The SET group increased their 6-MWT distance by 15 m compared with 45 m in the home-based exercise group and 4 m in the control group. Improvement in the 6-MWT was significantly greater in the home-based exercise group than in the SET group.
The GOALS trial (Group Oriented Arterial Leg Study) tested the ability of a group-mediated cognitive behavioral intervention to help participants with PAD adhere to structured H-BEx, thereby improving their walking performance. 65 One hundred ninety-two participants with PAD were randomized to either a group-mediated cognitive behavioral intervention or an attention control group for 6 months. 65 The intervention consisted of group meetings of participants with PAD and a facilitator once weekly for 6 months. During group meetings, the facilitator led group discussions about effective behavior change methods and adhering to H-BEx, including goal setting, self-monitoring, exercising in cold weather, managing leg pain during exercise, and overcoming other obstacles to exercise adherence. At the 6-month follow-up, the intervention group achieved a 53.5-m greater increase in 6-MWT performance, a 1.01-minute greater increase in PWT, and a 1.02-minute greater increase in COT compared with the control 
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group. The structured H-BEx intervention also significantly improved physical activity and the WIQ distance score compared with the control group. Six months after the final on-site study intervention, the intervention group continued to have better 6-MWT performance than the control group. 161 In contrast to these studies, Collins et al 162 randomized 145 participants with PAD and diabetes mellitus to a behavioral intervention versus an attention control group for 6 months. The behavioral intervention consisted of an individualized counseling session at baseline, followed by 1 walking session per week with an instructor at an exercise center and 3 days of walking at home for up to 50 minutes of exercise per session. Participants in the intervention group also received biweekly telephone calls during which an instructor reviewed their readiness to progress their exercise prescription. Tailored, scripted feedback based on their readiness was provided. The attention control group received biweekly calls from a study investigator during which the participant and study investigator discussed risk factor management. At the 6-month follow-up, there were no differences in PWT or COT (primary outcome) between the home-based intervention and the control group. However, participants in the intervention group had improved walking speed and HRQOL (secondary outcomes) compared with the attention control group.
Finally, a recent randomized trial of structured HBEx that tested the ability of telephone calls by a coach combined with a wearable activity monitor showed no improvement in the 6-MWT at the 9-month followup. 163 Home-based exercise interventions that have been successful have included occasional visits to the medical center to meet with a coach.
Based on the 3 randomized trials that demonstrated benefits of home-based exercise, AHA/ACC clinical practice guidelines for PAD recommend home-based exercise for patients with PAD, giving it a Class IIa, Level of Evidence A designation and indicating that this is a reasonable intervention for patients with PAD. 6 Advantages of H-BEx include that it is less burdensome and more convenient for people with PAD to walk in their neighborhood or even within their home environment than to travel to a supervised exercise center. 65, 161 In addition, H-BEx preferentially improves over-ground walking, which is more practical for navigating walking activity in daily life. 57, 60 Practical Aspects of Implementing a Home-Based Exercise Program for Patients With PAD Successful programs of structured H-BEx have advised patients with PAD to walk for exercise 3 to 5 times per week. Two trials advised patients to walk at a self-selected pace, whereas the GOALS trial advised participants to walk to maximal ischemic leg pain. 65, 67, 126 Effective H-BEx programs for patients with PAD have asked patients to set goals for walking exercise and used exercise logs to facilitate self-monitoring. 65, 67, 126 Some have used activity monitors. 67, 126 All have included a "coach" to whom the patient is accountable. Therefore, patients with PAD who are advised to engage in home-based exercise should be instructed to write down walking exercise goals and to record their walking exercise activity each week. Walking exercise goals should be as specific as possible. This information should be reviewed periodically by a coach or clinician, and feedback should be provided regularly to the patient. H-BEx programs should be individualized, starting with as little as 10 minutes of walking exercise per session and increasing walking exercise per session by ≈5 minutes per week until the patient is walking for exercise 45 to 50 minutes per session (excluding rest periods).
ALTERNATIVE EXERCISE STRATEGIES FOR PATIENTS WITH PAD
Whereas treadmill walking into ischemic pain is the most recommended form of exercise therapy for patients with claudication, other modes of exercise have also been studied and shown to have some efficacy in improving walking outcomes in patients with PAD.
Pain-Free Walking Exercise Training
Several randomized trials have investigated the efficacy of supervised pain-free treadmill training in patients with claudication. [164] [165] [166] [167] All were conducted by the same investigative team. In contrast to the requirement that patients walk to moderate to moderately severe ischemic pain, these programs instructed participants to stop at the very beginning of claudication symptoms. Three randomized controlled studies [164] [165] [166] compared a total of 196 subjects who participated in either 3 months of treadmill walking until the onset of claudication or a usual care control group who did not change their activity habits. The results from these studies were consistent, showing an average increase in COD of 110% (217 m) and in PWD of 52% (247 m).
A fourth study 167 is the only study to directly compare treadmill training whereby participants walk to moderate claudication with pain-free treadmill training. Fifty-two randomized subjects completed a 12-week program consisting of either moderate or pain-free training. Both groups had significant improvement in COD and PWD over time, and there were no significant differences between groups. The moderate training group had a 120% (125 m) increase in COD and a 100% (393 m) increase in PWD. The pain-free training group had a 93% (141 m) increase in COD and a 98% (465 m) increase in PWD. 
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These studies provide evidence that pain-free treadmill training improves walking ability in patients with claudication and that this improvement was similar to that seen with training that requires patients to walk to moderate claudication pain. Pain-free treadmill exercise might be more palatable to some patients for whom walking to pain is less well tolerated, which could result in greater compliance with a walking program and better patient outcomes. Larger randomized controlled trials are needed to confirm the results in additional patient populations.
Leg Cycling Exercise Training
Few studies have evaluated the efficacy of lower-extremity cycling to improve claudication in patients with PAD. [168] [169] [170] Sanderson et al 168 randomized 41 individuals with symptomatic PAD to treadmill walking, leg cycling, or control and found significantly less improvement in participants who performed 6 weeks of lower-extremity cycling versus those who performed 6 weeks of treadmill walking. The exercise intervention consisted of ten 2-minute bouts of exercise, each separated by 2 minutes of rest, for a total of 20 minutes of exercise per session. PWD improved by 43 m in the leg-cycling group versus 215 m in the treadmill group, whereas the control group decreased by 16 m. COD increased only 16 m in the leg-cycling group versus 174 m in the treadmill group and 49 m in the control group. In contrast, both Walker et al 169 and Zwierska et al 170 found significant increases in both COD (93% and 57%, respectively) and PWD (50% and 31%, respectively) during a shuttle walk test in lower-extremity cycling groups versus control participants. The shuttle walk test requires participants to walk back and forth between 2 cones placed 10 m apart. Walking speed is controlled by audio signals recorded at steadily decreasing intervals. The test ends when a participant cannot reach the opposite cone before the audio signal sounds. Total distance walked is recorded. 171 Sanderson et al 168 reported that although overall the treadmill group had greater improvement in walking distance, 8 of the 15 participants in the cycling group had a positive response to training. It should be noted that the duration (6 weeks) and the amount of exercise per session (20 minutes) are less than current guideline recommendations. 
Aerobic Arm Exercise Training
A series of studies have been conducted comparing arm ergometry (arm cranking or arm cycling) with leg cycling and control 169, 170 or control only 172 in a total of 212 participants. Exercise training consisted of 2 times per week for 40-minute sessions (20 minutes of exercise per session), and the program duration was 12 to 24 weeks. Those participating in the arm cycling groups showed an average of 50% improvement in COD and 30% in PWD. The Exercise Training for Claudication study 125, 173 randomized 41 participants to 12 weeks of 3 times per week supervised treadmill training or arm cycling alone or in combination versus usual care in patients with claudication. Arm-cycling participants had a 133-m (82%) improvement in COD versus a 9-m improvement (54%) in the treadmill group, whereas the control group improved by 4 m (3%). PWD improved by 182 m (53%) in the arm-cycling group versus 295 m (69%) in the treadmill group, whereas the control group improved by 45 m (12%). 125 This evidence suggests that upper-extremity aerobic exercise also significantly improves walking ability in people with PAD. Although the mechanism of this response has not been definitively proven, it is hypothesized that it could be related to improvement in systemic endothelial or cardiorespiratory function, which are well-established benefits of aerobic exercise. 125, 133, 172 
Resistance Training
Several investigators have evaluated the effects of resistance training on changes in walking ability in patients with claudication with somewhat mixed results. One small study 51 found that treadmill exercise was superior to resistance training, whereas 2 studies 66, 174 found no difference between the 2 interventions. None of the trials was designed with sufficient statistical power to detect a difference between exercise and strength training. A fourth study 175 found that high-intensity resistance training was superior to low-intensity resistance training in improving walking distance in individuals with PAD (Table 6 ). Both resistance training groups performed 3 sets of 8 repetitions of exercises for 7 different muscle groups. The high-intensity group began at 50% of the 1-repetition maximum and then progressed over 4 sessions to 80% of 1-repetition maximum. The 1-repetition maximum is the amount of weight a person can lift in 1 repetition. The low-intensity group began at 20% of the 1-repetition maximum and progressed over 4 sessions to 30% of the 1-repetition maximum. In the interpretation of the results of these studies, it is important to consider the exercise regimen of different forms of exercise, the duration of the exercise intervention, and the characteristics of the populations studied.
VARIABILITY OF RESPONSE
Although randomized trials consistently show that treadmill-based SET improves treadmill walking performance in people with PAD, there is some degree of variability in the magnitude of improvement between randomized trials. In the 15 treadmill-based exercise studies 51, 66, [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] included in the meta-analysis by Parmenter and col- 133 graded treadmill testing resulted in a mean improvement in COD ranging from 92 to 243 m among the studies that had 12-week interventions. The change in PWD ranged from 191 to 402 m. In the meta-analysis by Fakhry et al, 56 of 24 walking-based trials (both treadmill-based and nontreadmill walking) included in the meta-analysis for PWT, 9 (37.5%) showed no benefit of SET compared with control, and of 20 trials included in the meta-analysis for COT, 7 (35%) showed no benefit of SET compared with control. 56 Of the 21 trials that reported absolute data for change in PWD, 15 (71%) reported >50% improvement and 5 (21%) reported >100% improvement in PWD. 56 These studies were conducted over a span of >20 years and had a wide range of variability in terms of participant characteristics and exercise training protocols. Thus, some of the variability in outcomes may be related to the specific characteristics of the intervention because variability existed in program length, use of treadmill walking exercise (versus nontreadmill walking exercise), frequency and duration of exercise, and exercise intensity. 56 For example, in the meta-analysis by Fakhry et al, 56 trials that did not use treadmill walking in the intervention did not demonstrate significant improvement in treadmill walking performance. However, in meta-regression, only the duration of the exercise program was associated significantly with the presence of improvement in treadmill walking performance after SET. 56 Programs with a duration of 12 to 26 weeks achieved greater benefit than programs with a duration of <12 or >26 weeks. 56 In summary, although variability exists, SET programs are generally consistent overall in demonstrating improvement in treadmill walking performance.
Few studies have reported variability in response to walking exercise programs within individual trials of patients with PAD. However, available evidence suggests that there are no clinical characteristics that consistently identify people who will not benefit from walking exercise interventions. For example, post hoc analyses of the GOALS trial 65 demonstrated that significant benefit occurred regardless of baseline participant characteristics, including age, 6-MWT performance, ABI value, sex, black race, and presence versus absence of diabetes mellitus. Similarly, in the SILC trial, there were no meaningful differences in results according to the presence versus absence of exertional leg symptoms or ac- COD indicates claudication onset distance on a graded treadmill test; COT, claudication onset time; NA, not available; PAD, peripheral artery disease; PWD, peak walking distance on a graded treadmill test; and 6-MWT, 6-minute walk test. Further study of sex-specific outcomes to help determine whether there are differences in response to exercise between men and women Research to understand better the variability in response and nonresponse to different exercise therapies to enhance the clinician's ability to tailor the therapy for different patient abilities and preferences Studies that directly compare different exercise training modalities, duration, intensity, session frequency, work-to-rest ratios, and amount of supervision; should be conducted with standardized testing methods and reporting of outcomes to allow comparison across studies Identification of the optimal form of exercise for individual patients that incorporates personalized selection of exercise to maximize adherence to exercise and functioning (home based, treadmill, cycling, resistance training) for individuals with PAD Inclusion of functional and quality-of-life outcomes in all intervention studies for claudication to provide broader understanding of the effect of exercise therapies on patients' lives Studies that evaluate long-term functional and cardiovascular risk outcomes of participation in exercise programs Clinical implementation studies with the transition from randomized controlled clinical trials to a real-world clinical population Identification of optimal methods to increase participation of patients with PAD in exercise therapy Optimal strategies to transition patients from supervised, hospital-based settings to community-based settings to increase the likelihood of life-long behavior change PAD indicates peripheral artery disease.
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cording to the presence versus absence of claudication symptoms. 66 In a post hoc analysis of 48 participants in a randomized trial of SET, men and women significantly and meaningfully improved their PWT (effect size, 1.13 for men and 0.88 for women), but the absolute change in PWT was significantly greater for men than for women. 176 These results are not consistent with results from the GOALS trial, in which there was no significant difference in responsiveness to the exercise intervention in women compared with men. 65 In a separate post hoc analysis of 80 participants with PAD randomized to either home-based or SET interventions (follow-up rate, 75%) that studied associations of diabetes mellitus and sex on response to exercise, women with diabetes mellitus had lower rates of improvements in COT and PWT than men with or without diabetes mellitus and women without diabetes mellitus. 177 The post hoc nature of analyses and the small sample size of women with diabetes mellitus (n=16) limit the ability to draw definitive conclusions from these analyses. 177 A separate post hoc analysis of 53 participants with PAD and claudication reported a statistically significant interaction of obesity on change in the 6-MWT after a center-based walking program in which participants with PAD and obesity had greater benefit from exercise. 93 However, this greater benefit in obese participants appeared to be primarily the result of the finding that obese participants randomized to the control group had a greater decline in walking ability during follow-up than nonobese participants randomized to the control group.
Finally, patients with more severe claudication who are very limited in their walking ability may show less improvement after treadmill-based SET. There is some evidence that the increased ischemia-induced inflammation in these patients may cause harm. In a small pilot study, van Schaardenburgh et al 178 found that in patients with claudication, positive response to an exercise program was related to increased mitochondrial function, whereas negative responders had decreases in mitochondrial function. Greater disease severity was associated with negative response to ischemia-inducing exercise training and a decrease in mitochondrial function. This finding needs to be confirmed in a larger clinical trial but supports the need for alternative exercise strategies.
In summary, limited data identify clinical characteristics that consistently predict poor responsiveness to exercise programs. Given the overall benefit achieved, all patients with PAD should have access to exercise programs to improve walking performance.
AREAS IN NEED OF FUTURE RESEARCH
Additional research is needed in several areas to further determine the optimal exercise training methods for patients with PAD. Further identification of biological mechanisms that underlie improvement in response to exercise training has the potential to advance the field. Further exploration of clinical or demographic characteristics that may influence response to exercise training will facilitate the individualization of exercise prescription to achieve maximal benefits. Strategies to translate SET for patients with PAD from the research laboratory to the clinical setting are greatly needed. Research priorities are summarized in Table 7 .
CONCLUSIONS AND SUMMARY
The benefit of exercise therapy for patients with claudication is supported by a large body of evidence gathered over the past 30 years. Supervised treadmill exercise therapy using intermittent bouts of walking exercise to moderate to moderately severe levels of claudication pain is the form of exercise that has been studied most for patients with PAD and claudication. However, more recent evidence shows that modalities other than supervised treadmill exercise, including H-BEx, arm ergometry, leg cycling, and perhaps resistance training, can also improve walking performance and HRQOL in patients with PAD. Future studies should focus on identifying optimal exercise programs for patients with PAD and delineating biological pathways by which exercise improves walking performance in PAD. Given the magnitude of benefits and relative safety of exercise for patients with PAD, efforts should be made to make exercise accessible to all patients with PAD who are able to exercise.
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